Background: Measurement of fecal porphyrins is important in the diagnosis of porphyria, but conventional methods to measure them have drawbacks. We explored the use of derivative matrix isopotential synchronous fluorescence (MISF) spectrometry for the measurement of coproporphyrin and protoporphyrin. Methods: The MISF scanning route was selected based on information from the three-dimensional fluorescence spectrum, which was a combination of the contour line of protoporphyrin via a detection point of coproporphyrin and that of coproporphyrin via a detection point of protoporphyrin. Derivative technique eliminated the constant interfering signals. MISF was used to measure porphyrins in stools from 2 pregnant women and 20 healthy volunteers. Results: The coproporphyrin and protoporphyrin spectra were resolved with almost no mutual interference. The amplitudes of the derivative peaks were linearly related to the concentrations of coproporphyrin up to 310 nmol/L and protoporphyrin up to 590 nmol/L. The detection limits for coproporphyrin and protoporphyrin were 1.2 and 1.7 nmol/L, respectively. The within-run imprecision (CV; n ‫؍‬ 6) was 2.2% at 175 nmol/L for coproporphyrin and 2.3% at 500 nmol/L for protoporphyrin. Bland-Altman analysis indicated no significant differences between the proposed MISF method and conventional spectrophotometry or fluorimetry. Mean (SD) recoveries of porphyrins added to fecal samples
of individual porphyrins based on the mathematical resolution of simultaneous equations (9 ) , which is unfavorable for the differential diagnosis of porphyria. HPLC and mass spectrometric methods can separate and determine various porphyrins, but they usually require tedious pretreatments and expensive apparatus.
Matrix isopotential synchronous fluorescence (MISF) spectrometry, which was first described by Murillo-Pulgarin and Molina (17) (18) (19) , is a novel technique for resolving badly overlapping mixtures or detecting analytes in complex fluorescence backgrounds without the need for preseparation procedures; it has been used to determine various components in urine or serum (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) . This method is particularly suitable for two-component analysis; for multicomponent systems with more than two analytes, other techniques should be combined.
Our objective was to develop a rapid and simple method for the simultaneous and direct measurement of coproporphyrin and protoporphyrin in feces by use of a derivative MISF technique.
Materials and Methods reagents
Coproporphyrin III tetramethyl ester and protoporphyrin IX dimethyl ester were purchased from Sigma Chemicals and used as received. Hydrochloric acid and diethyl ether were of analytical reagent grade. After hydrolysis of porphyrin methyl esters in a small volume of 5.8 mol/L hydrochloric acid for 24 h, stock solutions of each porphyrin were stored in the dark in a refrigerator (4°C).
instrumentation
All fluorescence spectra were obtained on a laboratoryconstructed, computer (IBM)-controlled spectrofluorometer that was similar to one described previously (20 ) . The spectrofluorometer was equipped with a 350W xenon lamp, and the slit bandpasses of the excitation and emission monochromators were 5 nm. In addition to conventional fluorescence spectra, the apparatus could provide all types of synchronous spectra. An electronic differentiator was connected directly to the spectrofluorometer to obtain first-or second-derivative spectra. A quartz glass cuvette with a pathlength of 1 ϫ 1 cm was used throughout.
sample preparation
Fresh feces (ϳ50 -100 mg) from health humans was dissolved with 1.0 mL of concentrated hydrochloric acid in a centrifuge tube. Diethyl ether (3.0 mL) was added and thoroughly mixed to give an emulsion, followed by 3.0 mL of distilled water and further mixing. The mixture was centrifuged, separating into an ether layer, a pad of insoluble material at the interface, and a layer of aqueous acid. Chlorophyll derivatives and carotenoid pigments were partitioned into the ether phase, and the fecal porphyrins remained in the aqueous acid (lower) layer (5 ) . Approximately 4 mL of the acid layer was transferred to a tube and kept in the dark in a refrigerator (4°C). We weighed ϳ250 mg of feces, dried it for 2 h, and reweighed it to determine the ratio of the wet weight to the dry weight.
selection of misf scanning route
A suitable MISF scanning route is essential for MISF measurements. After recording the excitation and emission fluorescence spectra of coproporphyrin and protoporphyrin, we calculated their theoretical three-dimensional fluorescence spectra by use of a homemade dataprocessing program. A MISF scanning route for the mixture of coproporphyrin and protoporphyrin was selected based on information from the three-dimensional spectrum.
Protoporphyrin was first supposed as the interfering component. The point of maximum fluorescence intensity for coproporphyrin ( excitation ϭ 401 nm; emission ϭ 593 nm) was selected as a detection point. We then searched for the fluorescence intensity of protoporphyrin at this point and obtained a set of excitation and emission with the same intensity. This trajectory was simple a MISF scanning route for the detection of coproporphyrin (indicated by the "i" in Fig. 1 ). In a similar manner, we obtained the detection route of protoporphyrin (indicated by the "ii" in Fig. 1 ), which is a constant-value trajectory of coproporphyrin via a detection point ( excitation ϭ 407 nm; emission ϭ 604 nm) of protoporphyrin. The two contour lines were united as an integrated detection route with a crossing point. The first segment was the contour line of protoporphyrin, and the second one was that of coproporphyrin. When combined with a derivative technique, the protoporphyrin signal was eliminated in the first segment, which then showed the net derivative signal of coproporphyrin. Similarly, we could obtain the net derivative The trajectories i and ii are the detection routes of coproporphyrin and protoporphyrin, respectively. ex , excitation wavelength; em , emission wavelength.
signal of protoporphyrin in the second segment. The simultaneous determination of two components can therefore be achieved in a single scan.
misf measurements
Using the above selected trajectory, we recorded MISF spectra of porphyrins; the scanning time for a MISF spectrum is only ϳ20 s. The amplitudes of the positiveand negative-derivative peaks were measured for the detection of these two porphyrins. The peak heights were retrieved from the spectra via Origin 6 software, and then the absolute values of positive and negative peaks were added as the fluorescence intensity of each component. For convenient observation and quantitative measurement, the spectra were plotted with the determination series set as the x coordinate and relative fluorescence intensity as the y coordinate. The determination series denote the spatial order of appearance of all dots forming spectra.
method comparison
To test the validity of the proposed MISF method, we performed quantitative spectrophotometric and fluorimetric measurements of fecal porphyrins, as proposed by Lockwood et al. (5 ) and Pudek et al. (6 ) . The fecal samples were scanned from 350 to 450 nm with a Beckman DU7400 spectrophotometer. After determining the height of the Soret band above the sloping background absorbance, we used the formula developed by Lockwood et al. (5 ) to calculate the total porphyrin concentration, which was expressed as nmol/g dry weight.
By the method of Pudek et al. (6 ), we scanned the excitation spectra of the coproporphyrin calibrator and the real fecal samples from 340 to 450 nm, while monitoring the emission at 668 nm, the emission isosbestic point for coproporphyrin and protoporphyrin. The heights of the fluorescent signals at 410 nm, which is the excitation isosbestic point for coproporphyrin and protoporphyrin, and 340 nm, which is required for baseline correction, were used to calculate the total porphyrin concentration.
Results

spectral characteristics
Coproporphyrin and protoporphyrin have similar molecular structures. The conventional fluorescence spectra of these compounds were similar and overlapped extensively, as seen from the contour maps in Fig. 1 . It was not possible to resolve them by direct conventional constant- wavelength synchronous fluorescence approaches (Fig.  2) , whereas MISF spectroscopy provides a simple method to selectively detect a fluorescent compound in the presence of another strongly interfering one.
With the selected trajectory, the spectra of coproporphyrin and protoporphyrin could be resolved with almost no mutual interference (Fig. 3) . MISF spectra can be plotted in either the three-dimensional (Fig. 3A) or twodimensional (Fig. 3B) form. The three-dimensional MISF spectrum can provide more information, whereas the two-dimensional spectrum is more convenient for obtaining quantitative information on the compounds. The coproporphyrin and protoporphyrin peaks appeared in turn with no overlap. In the spectral region of coproporphyrin, the derivative signal intensity of protoporphyrin tended to zero. Similarly, the contribution of coproporphyrin was nearly zero in the spectral region of protoporphyrin. Peak-to-peak measurement was used for the detection of these two components with a-aЈ and b-bЈ corresponding to coproporphyrin and protoporphyrin, respectively.
First-derivative MISF spectra for coproporphyrin and protoporphyrin added in various concentrations to 1.0 mol/L hydrochloric acid are shown in Fig. 4 . At coproporphyrin concentrations up to 310 nmol/L, the fluorescence intensity of protoporphyrin (250 nmol/L) was basically invariable, indicating that coproporphyrin in this concentration range will not interfere with protoporphyrin measurements, based on the premise of self-linearity. When the protoporphyrin concentration was Ͻ590 nmol/L, its interference on coproporphyrin was negligible.
linearity, detection limit, and precision
Individual calibrators were prepared by diluting stocks solutions in 1.0 mol/L hydrochloric acid. We carried out a statistical analysis of the experimental data by fitting the least-squares line according to the equation: y ϭ a ϩ bx. The linear equations for coproporphyrin and protoporphyrin were as follows: for coproporphyrin, y ϭ 37.8 ϩ 2.71x; for protoporphyrin, y ϭ Ϫ24.9 ϩ 1.24x. The correlation coefficients (r) were 0.9990 and 0.9979, respectively.
The detection limits of 1.2 and 1.7 nmol/L for coproporphyrin and protoporphyrin, respectively, were obtained based on 3 SD of the 1.0 mol/L hydrochloric acid blank according to the IUPAC definition, corresponding to 0.50 nmol of coproporphyrin and 0.72 nmol of protoporphyrin per gram (dry weight) of feces.
To assess the within-run imprecision of the method, we measured six solutions that all contained 175 nmol/L coproporphyrin and 500 nmol/L protoporphyrin. The CVs were 2.2% and 2.3% for coproporphyrin and protoporphyrin, respectively.
method comparison
We compared the proposed MISF method with conventional spectrophotometry (5 ) and fluorimetry (6 ) . The fecal porphyrin results measured by these three methods in specimens from 2 pregnant women and 20 healthy volunteers are summarized in Table 1 . We observed increased porphyrin excretion in the two pregnant women. The porphyrin data obtained by the three different methods were in accordance with each other. To show the agreement of the methods, we analyzed the porphyrin data measured by three methods for 20 specimens from healthy donors by the Bland-Altman statistical method (28 ) (Fig. 5) . The sums of the amounts of the two porphyrins obtained by the MISF method were used for comparison. Shown in Fig. 5A is the Bland-Altman plot of MISF vs spectrophotometry. The mean difference (d ; MISF method minus spectrophotometry) was 0.8 nmol/g dry weight, and the standard deviation of the difference (S) was 1.3 nmol/g dry weight. Hence the limits of agreement were d Ϫ 2S to d ϩ 2S, or Ϫ1.8 to 3.4 nmol/g dry weight. We also checked the precision of the estimated limits of agreement. The 95% confidence intervals for the mean, upper limit, and lower limit of the differences were 0.8 Ϯ 0.62, 3.4 Ϯ 1.07 and Ϫ1.8 Ϯ 1.07 nmol/g dry weight, respectively. The narrow range for the limits of agreement (Ϫ1.8 to 3.4 nmol/g dry weight) confirmed that the two methods were clinically comparable.
Similarly, we compared the MISF method and conventional fluorimetry (Fig. 5B) . The d was 0.9 nmol/g dry weight and the S was 1.0 nmol/g dry weight. The range for the limits of agreement (Ϫ1.0 to 2.8 nmol/g dry weight) was sufficiently narrow. The 95% confidence intervals for the mean, upper limit, and lower limit of the differences between these two methods were 0.9 Ϯ 0.45, 2.8 Ϯ 0.77, and Ϫ1.0 Ϯ 0.77 nmol/g dry weight, respectively.
The absorbance, fluorescence excitation, and MISF spectra of a fecal specimen from a pregnant woman analyzed by these three methods are shown in Fig. 6 ; as seen in Fig. 6 , spectrophotometry produces the least distinct spectrum, which is not good for analytical proposes. MISF spectrometry produces a well-structured spectrum and makes it possible to identify and quantify coproporphyrin and protoporphyrin simultaneously.
recovery
We added stock solutions of porphyrins and fecal extract to a tube and diluted them with 1.0 mol/L hydrochloric acid. The derivative MISF signals of the samples were then measured. The results are summarized in Table 2 , the mean (SD) recoveries were 98 (7)% for coproporphyrin and 102 (4)% for protoporphyrin.
Discussion
MISF spectrometry is a useful technique for resolving mixtures with badly overlapping spectra. Its scanning route is a contour line of the interfering component or fluorescence background (matrix), which joins the identical intensity points on a fluorescence matrix three-dimensional spectrum. Because the background MISF signal and that of the interfering component are constant, they can be further compressed by use of a first-order derivative technique. The selectivity of fluorescence spectrometry is thus improved and its high sensitivity is maintained.
Our experimental results show the successful application of MISF spectrometry to the rapid quantification of coproporphyrin and protoporphyrin in feces. The BlandAltman analysis demonstrates the agreement between the proposed MISF method and conventional spectrophotometry as well as fluorimetry for the total amounts of the two porphyrins. The MISF method has an advantage over conventional spectrophotometry and fluorimetry, which only determine the total amounts, not the individual signals of two porphyrins. The MISF method can therefore simultaneously and directly determine coproporphyrin and protoporphyrin concentrations in feces.
The method proposed here provides new possibilities for further improvement in the selectivity of clinical analyses. This inexpensive technique is also suitable for routine screening of large numbers of samples because only one scan and no highly specialized instrumentation are required for the direct assay of both porphyrins. The analytical recoveries and precision are satisfactory.
In conclusion, this rapid, simple method is suitable for the simultaneous and direct determination of these two porphyrins and could become a new, useful tool for detecting fecal porphyrins. 
